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(54) Confinriumcatlons system with priority schenri© for reduced 

(57) A communications system is described having a central station and a number of remote units arranged 
for communication over a common communications channel. Each remote unit has a predetemtined prioritv 
parameter and each remote unit has a processor element <30), a receiver (28), a channel monitoring dicuit (26) 
for sensing when the channel is free and a transmitter (29). The processor element is arranged to identify from 
received data a pnonty parameter of a unit currently transmitting. A comparison is perfomied between the 
pnonty parameter of that unit and the predetermined priority parameter, to initiate a timer function (108) in 
response to the channel monitoring circuit when the channel monitoring circuit indicates that the channel has 
become free, and to reset the timer function if the channel monitor circuit indicates that the channel has 
beconie occupied. The timer function times a selectable period which is dependent on the comparison and the 
timer ftinaion causes activation of the transmitter when the timer function times the selectable period The 
invention is applicable to, but not limited to use in supervisory control and acquisition-of-data (SCADA) 
syst 6 1 v^s. 
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communicahons system wteb priority 
scheme for reduced access delay 

Field of t he Invention 

This invention relates to a communications S3r8tem comprising at 
least one central station and a number of remote units arranged for 
communication over a common communications channel. The invention 
is appUcable to, but not limited to use in supervisory control and 
acquisition-of-data (SCADA) systems. 

Background to the Invention 

Communications systems exist, such as SCADA system^, in which 
remote terminal units (RTUs), which may be fixed or mobile radio imits 
are interrogated or "polled" by a central unit. An example of such a 
system is the MOSCAD system of Motorola Inc. In SCADA systems, it is 
typical for a central unit to interrogate remote terminal unit (RTlTs) and 
for the RTLTs to reply with, for example, data gathered fi-om a sjrstem 
under the control of the RTlTs, for example an irrigation, security, power 
distribution or siren system. 

There are two principal forms of interrogation: specific 
interrogation and global interrogation. 

For specific interrogation, the central unit sends an interrogation 
code to a specific RTU and waits a constant time for a reply firom this RTU, 
after which time the central unit interrogates the next RTU and so on. 

In global interrogation, it is typical for each RTU to have a different 
time to sense firee channel before transmitting a reply. The highest 
priority RTU is allocated the shortest time for reply. Thus, when the 
channel becomes fi^ after the central unit has transmitted to the global 
interrogation request, it will be the highest priority unit that is first to 
access the channel, after which time the next unit waits a longer period to 
sense free channel before it transmits. In this manner, there is an orderly 
sequence for response from all the RTU s. It is not necessary for the 
highest priority RTU to delay before accessing the channel, but there is an 
inherent delay between the central unit commencing transmission and 
another RTU sensing that the diannel is busy. This time is the channel 
resolution time and comprises the propagation delay on the chaimel as 
well a response time at the receiver (squelch detection time). The next unit 


in priority is subject to approximately the same chamiel resolution time 
and, after sensing free channel, must wait for a period at least equal to the 
channel resolution time before accessing the channel, to allow time for the 
highest priority unit to access the channel and for the occupation of the 
channel by that unit to be sensed. Subsequent priority units are typically 
programmed to delay access in the channel by multiples of a basic delay 
time, which is at least as long as the channel resolution time. 

The arrangement described above is wasteful of channel time, 
because, for example, the tenth imit to respond to a global interrogation 
request waits 10 "slots" (ie, 10 times the basic delay time) before accessing 
the channel. This channel time is imused. This is particularly critical in 
a radio communications system, where the radio channel capacity is a 
valuable and scarce resource. 

Where there are many RTITs in a single system, there is a large 
amount of overhead transmission and it is a problem that the cycle time for 
interrogation of aU RTITs can be quite long. 

There is a need for an improved method of operation of the 
communication systems. 

S^TniP^ry Qf the ^^vg^t^on 

According to the present invention, a communication system is 
provided comprising at least one central station and a number of remote 
units arranged for communication over a common communications 
channel. Each remote unit has a predetermined priority parameter (for 
example its identification number) and each remote imit comprises a 
processor element, a receiver coupled to the processor element for 
receiving signals from the channel and providing received data to the 
processor element, a channel monitoring circuit associated with the 
receiver for sensing when the channel is free and providing an indication 
to the processor element and a transmitter responsive to the processor 
element for transmitting on the channel. The processor element is 
arranged to identify from the received data a priority parameter of a unit 
currently transmitting, to perform a comparison between the priority 
parameter of that imit and the predetermined priority parameter, to 
initiate a timer function in response to the channel monitoring circuit 
(when the channel monitoring circuit indicates that the channel has 
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become firee), and to reset the timer functioii if the chamiel monitoring 
circuit indicates that the chaimel has become occupied. The timer 
function times a selectable period which is dependent on the comparison 
and causes activation of the transmitter when the timer function times the 
5 selectable period. 

In accordance with another aspect of the invention, a method of 
operating a communications system is provided including the steps of, at a 
first remote unit, receiving signals firom a channel, identifying from the 
received data a priority parameter of a second remote unit currently 

10 transmitting, performing a comparison between the priority parameter of 
the second remote unit and a predetermined priority parameter of the first 
remote unit, initiating a timer fimction in response to the diannel 
monitoring circuit when the channel monitoring circuit indicates that the 
channel has become firee and timing a selectable period which is 

15 dependent on the comparison. The timer fimction is reset if the channel 
monitoring circuit indicates that the channel has become occupied and the 
transmitter is activated when the timer fimction times the selectable 
period. 

The invention has the advantage that the selectable period timed 
20 before activating the transmitter provides for reduced delay before 
transmission and therefore reduced channel wastage and a reduced 
. . polling cyde time. The selectable period can thus be selected individually 
for each unit lower in priority than the currently transmitting tmit, to be 
the minimum necessary for all units to contend for access to the channel. 
25 The invention is preferably a radio communications system and the 

channel is preferably a radio channel. 

The step of performing the comparison preferably comprises 
subtracting the priority parameter of the second unit from the priority 
parameter of the first unit to provide a priority difference. This effectively 
30 allows the first remote unit to calculate how many other units are expected 
to transmit before the first unit is to be allowed access to the channel. The 
step of timing preferably comprises timing a selective number of 
predetermined units of time following sensing of fi^e channel by the 
channel monitoring circuit, \diere the selected number of units of time is 
35 one less than the priority difference. 

It is preferred that the predetermined unit of time is approximately 
equal to the channel resolution time of the system. 
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In accordance with another aspect of the invention, a remote unit of 
a communication system is provided as defined in the claims. 

A preferred embodiment of the invention will now be described, by 
way of example only, with reference to the drawings. 

Brief Descrintion of the Drawings 


FIG. 1 shows a contention scheme known in the art. 

FIG. 2 shows a generalised radio communication system with a 
10 central unit and a number of remote units. 

FIG. 3 shows a second arrangement of a generatised ra£o 
communication system with a central unit, a number of remote units and 
a repeater. 

FIG. 4 shows details of a remote tmit of FIG. 2 or FIG. 3 in 
15 accordance with the preferred embodiment of the invention. 

FIG. 5 is a flow diagram illustrating a software program operated by 
the microprocessor of tlie radio of FIG. 4. 

FIG. 6 and 7 are timing diagrams illustrating operation of the radio 
system of FIG. 2 or FIG, 3 in different circumstances. 

20 

Detailed Descrintion of the Preferred Embodiment 

Referring first to FIG. 1, a timing diagram of a prior art 
arrangement is shown. The top line of the figure shows transmission by a 

25 central unit and beneath this are transmissions of first, second and third 
RTU s labelled RTUl, RTU2 and RTU3. In normal operation, RTUl 
senses that the central unit has ceased transmission and, being first in 
priority, immediately accesses the radio channel by opening its 
transmitter. There is a delay of time T between the central unit ceasing 

30 transmission and RTUl opening its transmitter. Meanwhile RTU2, 

sensing that the channel is firee, commences its timer and waits a period 
equal to T. Upon first initiating its timer, RTU2 senses that the chaimel 
has again become occupied by RTUl and resets its timer. Upon the 
chaimel next becoming firee at time t3, RTU2 senses at time t4 that the 

35 channel is fi^ee and commences its timer. After the period T (ie. at t5), 
RTU2 opens its transmitter. During this activity, RTU3 has like^¥ise 
commenced a timer upon each occurrence of the channel becoming free, 


the period of its timer being 2T. The first opportunity for the timer of RTU3 
to time out is at time t7. 

As can be seen, the period between t4 and t5 and the period between 
t6 and t7 are wasted periods on the channel. 

Referring now to FIG. 2, a simple radio network is shown 
comprising a base station 10 having a transmitter and a receiver and three 
RTlTs 11, 12 and 13, numbered RTUl, RTU2 and RTUn. Central base 
station 10 transmits and receives on the same frequency (frequency 1) each 
of RTU's 1, 2 to n transmits and receives on frequency 1. 

Referring now to FIG. 3, a central base station 13 is shown and 
RTU's 16, 17 and 18 with a repeater station 19. Base station ISlxansmits 
on frequency 1 and receives on frequency 2. Each of RTlTs 16, 17 and 18 
transmits on frequency 1 and receives on frequency 2. Repeater 19 receives 
transmissions from base station 15 on frequency 1 and repeats these to the 
RTU' s on frequency 2 and receives transmissions fi*om the RTlTs on 
frequengr 1 and transmits these to the base station 15 on firequency 2. 

Each of the systems of FIG. 2 and FIG. 3 has a chaimel resolution 
time which is the time between triggering transmission on one unit 
(remote or central) to sensing chaimel busy on another unit (remote or 
central). 

Referring to FIG. 4, details of an RTU (11, 12, 13, 16, 17 or 18) is 
shown. The RTU comprises an antenna 20 coimected to an antenim 
switch or circulator 21 connected in turn to a receiver part 28 comprising, 
for the purposes of example, an amplifier 22, a mixer 23 and a 
demodulator circuit 24. The receiver part may instead comprise more 
than one amplifier and more than one mixer. Alternatively, there may be 
a zero IF receiver arrangement. The amplifier 22 has a channel monitor 
output 25 connected to a channel monitor circuit 26 such as a squelch 
detection circuit. Connected to the demodulator 24 is a microprocessor 30 
which also receives the signal (eg. an interrupt signal) 31 firom the 
channel monitor circuit 26. Connected to the microprocessor 30 is a 
transmitter part 29 comprising, by way of example, a modulator circuit 32, 
a mixer 33 and a power amplifier 34. There may of course be more than 
one mixer or more than one amplifier. Connected to the mixers 23 and 33 
is a S3mthesizer or other frequency injection circuit 35. 

An example of a modulation scheme performed by the modulator 32 
and demodtdated by the demodulator 24 is FSK modulation, but it will be 
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appreciated that other modulations can be used and indeed the circuits 24 
and 32 may be replaced by software in the microprocessor 30. 

In operation, signals received from the central imit (10 or 15) are 
received at the anteima 20 and detected by the channel monitor circuit 26. 

5 Data carried by the signals is demodulated in demodulator 24 and suppUed 
to the microprocessor 30. The microprocessor 30 is then able to identify 
whether signals are intended for this RTU or for another RTU by decoding 
an address, identity number (ID) or priority indicator parameter contained 
in the received data. In a similar manner, the microprocessor 30 can 

M) determine which RTU is currently transmitting. If a response Js required 
from the RTU in question, the microprocessor 30 provides the necessary 
response to the modulator circuit 32 at a time which is depead^t upon the 
signal 31. The data suppUed is amplified in amplifier 34 and transmitted 
through the anteima 20. 

15 The RTU's 11, 12 and 13 or 16, 17 and 18 are provided with a 

numerical sequence of IDs. When one of the RTUs transmits, it includes 
its ID number in the start of its transmission. This ID number is used by 
the central unit 15 to determine the origin of an incoming message. The 
ID numbers need not be in the sequence 1, 2, 3 etc., but the algorithm 

20 described below is most efficient when this sequence is used. 

The microprocessor 30 executes the program shown in FIG. 5. 
Upon initialisation of the algorithm (step 100) the microprocessor 30 
is provided with the ID (n) of the unit in question and a predetermined 
channel resolution time (CRT) set at T miUiseconds. 

25 The program operates a continuous loop starting with a test for 

channel monitor status (step 102). If the channel is busy, incoming data is 
received in step 103 and if the incoming data includes a central 
interrogation request, an interrogation flag is set in step 104. If, on the 
other hand, the incoming data is an RTU response, step 105 extracts the ID 

30 of the cxirrently transmitting unit (Rev ID), indicated as x. Step 105 
calculates a variable, CRT_Time, as being a multiple of the channel 
resolution time T. This multiple is (n - 1 - x). Thus, a delay period is set 
which is 1 CRT less than the difference in priority between the currently 
transmitting unit and the unit in question. 

35 If in step 106 the program determines that there is no interrogation 

request, the program skips to step 120 and continues by retiu^ng to step 
102. If step 106 determines that there is an interrogation request, the 
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channel resolution timer is reset when the channel monitoring circuit 26 
next indicates that the channel is free. If in step 108 the CRT timer times 
out, the transmitter is opened at step 109 and the interrogation flag is reset 
in step 110, indicating that the RTU has completed its response to the 
5 interrogation. 

If step 108 determines that a new interrupt is received from channel 
monitor circuit 26 indicating that the channel is no longer free before the 
timer has finished, the program jumps to step 112, resetting CRT timer 
and passing to step 120 for return to step 102. In this manner, if the higher 
ID priority unit accesses the channel before the RTlTs timer has timed out, 
the RTU simply resets its timer and waits for the next occurreivce of the 
channel becoming free. 

By way of further detail, the central unit sends an interrogation code 
to a group of RTU's with the following parameters: 
15 Interrogation code, from RTU no. , to RTU no. 

Each RTU that belongs to this group triggers a timer for free 
charmel monitor according to the following formula: 
T = Ch. Res. Time * (RTU no. - Prom RTU no.) 
CH. Res. Time - Channel Resolution Time 
20 RTU no. - Self RTU no. 

From RTU no. - Parameter from the Central 

interrogation word. 
In the first RTU of the group (RTU no. = From RTU no.), T = 0, 
meaning that this RTU will be the first one to transmit without delay. In 
25 the second RTU "T" is equal to one charmel resolution time, meaning that 
if the first RTU in the group will not answer, then after monitoring the 
charmel free for a time this RTU will transmit its answer. 

After each RTU transmission all the other RTU's in the group 
update their timers according to the foUowing calculation: 
30 T = Ch. Res. Time * (RTU no. - 1 - Rev RTU no.) 

Rev RTU no. - The no. of the last received RTU. 
The effect of the operation of FIG. 5 is illustrated in Figs. 6 and 7 and 
is as follows. 

If all the RTU's in the group are operating correctiy, the operation is 
35 as shown in FIG. 6 and all RTU*s transmit inmiediately one aft;er the other 
according to their serial ID numbers. In FIG. 6, the uppermost line shows 
the transmission from the central unit 10 or 15 and the three rows below 


this show reception and transmission by the RTXTs 11, 12 and 13 (or 16, 17 
and 18). It may be noted that the signal received at each of the RTITs is 
delayed with respect to the signal transmitted from the central by an 
amomit equal to CRT. It may also be noted that the duration of the signal 

5 as received is slightly less than the duration as transmitted, because there 
is a period known as the "PTT" period when the transmitter sends a signal 
for a receiving RTU to open its receiver and commence reception. This 
period is included in the time CRT. 

In the operation of FIG. 6, each of the RTITs, RTUl, RTU2 and 

ID RTU3 makes its transmission 210, 220 and 230 in a immediate sequence. 
The TntniTntim time between a received signal ceasing and an RTU 
transmitting to the central unit is time Tsfc, this being the4iine to sense 
free channel. Each RTU is subject to the delay Tsfc before transmitting, 
but as each RTU reaches the top of the queue, transmission commences 

15 immediatly free channel is sensed by that RTU. 

In the scenario illustrated in FIG. 7, RTU2 fails to transmit any 
response to the central unit. In this case, the response from the third RTU 
(response 330) occurs at a time which is ICRT after sensing of free diannel 
byRTUs. 

20 In both circumstances of FIG. 6 and FIG. 7, the complete 

interrogation is concluded in less time than in the prior art case of FIG. L 
It should be understood that FIGS. 1, 6 and 7 are not to scale and that the 
actual transmission times may be substantially larger with respect to the 
channel resolution times and the time to sense free channel. 

25 Instead of using a pre-assigned ID as a priority parameter, a 

dynamic parameter can be used as the priority parameter. For example, 
the priorities of the RTUs can rotate on a round-robin basis. This can be 
co-ordinated by the central unit in its transmission 200. Other 
modifications of detail can be made to the invention without departing from 

30 the scope thereof. 
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Claims 

1. A communications system comprising at least one central station 
and a nmnber of remote miits arranged for commmiication over a 
5 common communications channel, 

each remote imit having a predetermined priority parameter and 
each remote tmit comprising: 
a processor element; 

a receiver coupled to the processor element for receiving signals 
10 from the channel and providing received data to the processor element; 
a channel monitoring circuit associated with the receiver for 
sensing when the channel is free and providing an indication to the 
processor element; 

a transmitter responsive to the processor element for transmitting 
15 on the channel; 

wherein the processor element is arranged to identify from the 
received data a priority parameter of a unit currently transmitting, to 
perform a con^>arison between the priority parameter of that unit and the 
predetermined priority parameter, to initiate a timer function in response 
20 to the channel monitoring circuit when the channel monitoring circuit 
indicates that the channel has become free, and to reset the timer function 
. if the c h a nnel monitor circuit indicates that the channel has become 
occupied, ^diere the timer function times a selectable period which is 
dependent on the comparison and the timer function causes activation of 
25 the transmitter when the timer function times the selectable period. 

2. A method of operating a communications system having at least one 
central station and a plurality of remote units arranged for 
communication over a common commimications channel, the method 
30 comprising the steps of, at a first remote xmit: 
receiving signals from the channel; 

identifying from the received data a priority parameter of a second 
remote tmit currently transmitting; 

performing a comparison between the priority parameter of the 
35 second remote unit and a predetermined priority parameter of the first 
remote unit; 


ID 


imtiating a timer function in response to the channel naonitoring 
circtiit when the channel monitoring circuit indicates that the channel 
has become free and timing a selectable period which is dependent on the 
comparison; 

5 resetting the timer function if the channel monitor circuit indicates 

that the channel has become occupied, and 

activating the transmitter when the timer function times the 
selectable period. 

10 3* A method according to claim 2, wherein the step of performing the 
comparison comprises subtracting the priority parameter of the other unit 
from the priority parameter of the remote unit to provide a -priority 
difference and the step of timing comprises timing a selected number of 
predetermined imits of time following sensing of fr^e channel by the 

15 channel monitoring circuit, where the selected number of units timed is 
one less than the priority difference. 

4. A method according to claim 3 wherein one predetermined unit of 
time is approximately equal to the channel resolution time of the sjrstem. 

20 

5. A method according to claim 2, 3 or 4, wherein each remote unit has 
a unique identification number, where the identification numbers of 
remote units are allocated in numerical sequence and where the 
identification number of a remote unit is used as its priority parameter. 

25 

6. A remote imit of a communications system having a number of 
remote units arranged for communication over a common 
communications channel, the remote unit having a predetermined 
priority parameter and comprising: 

30 a processor element; 

a receiver coupled to the processor element for receiving signals 
from the channel and providing received data to the processor element; 

a channel monitoring circuit associated with the receiver for 
sensing when the channel is free and providing an indication to the 
35 processor element; 

a transmitter responsive to the processor element for transmitting 
on the channel; 


u 

wherein the processor element is arranged to identify firom the 
received data a priority parameter of a unit currently transmitting, to 
perform a comparison between the priority parameter of that unit and the 
predetermined priority parameter, to initiate a timer function in response 
5 to the channel monitoring circuit when the channel monitoring circuit 
indicates that the channel has become firee, and to reset the timer function 
if the channel monitor circuit indicates that the channel has become 
occupied, where the timer function times a selectable period which is 
dependent on the comparison and the timer function causes activation of 
10 the transmitter when the timer function times the selectable period. 

7. A radio communications sjrstem comprising at least one. central 
station and a nimiber of remote units arranged for commimication over a 
common communications channel, 
15 each remote unit having a predetermined parameter and 

comprising: 

a receiver having a channel monitoring circuit for sensing when the 
channel is firee; 

a demodulator and decoder circuit for demodulating signals 
20 received and decoding and identifying a parameter of a remote unit 
transmitting on the channel at a given time; 
, . a counting arrangement for subtracting the parameter of the 

currently transmitting imit firom the predetermined parameter of the imit 
in question to give a delay nimiber, 
25 a timer arrangement for waiting that number of delay units less one 

following sensing of free channel by the channel monitoring circuit; 

a reset arrangement for resetting the timer arrangement when the 
channel monitoring circuit senses that the channel is no longer free before 
the selected number of units are timed and 
30 a transmitter for transmitting on the channel when the timer 

arrangement counts to the selectable number of delay units. 
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